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MNtzact -- SyntheslS of (-)-slnmln La, sperm attracting hotmcmc of AllcmYcea mbrro_ 

m was achwved thmqh 10 steps frm I-I-per~llaldehyde 3. Fornatxm of CyCb 
~~qxme rlnq was executed dlastereorlecuvely by the ~yrlm.aLm !JL_+ mt.ramolesxlar 
epou& opml*g rrnder Carefully antrolled and1t1a 

Sirenin la is a powerful sperm attractant produced by the female qamates of the water 

mold Allomyces macrogynus and active at concentration of 10-l" M.') Machlls, Rapoport and 

co-workers described the isolation and characterization of sirenin la and its 4-(knitro- 

DhenylazoEmnzoate (NABS)*) and then the structural elucidation. )l The absolute confiqu- 

ration was rigorously assigned by the synthesis of both the enantiomers of la via optical - 
resolution and CD spectral studies of the intermediate.3c1 As la has extremely inter- 

esting biological activity, many efforts have been devoted to its synthesis.3c~41 nost of 

them, however, were the synthesis of (:)-la except for one by Rapoport et a1.3c1 -- 

Fig.1 

In cmection with our amtinulng project cm the chiral syntheses of microbial bio- 

regulators, such as hormones, sporogenic substances, etc. 51# we became interested in syn- 

thesizing the natural enantlomer of sirenln (-l-la with extremely high optical purity. We 

wish to describe here the synthesis of (-)-la starting from (-l-perillaldehyde 3 via the 

cyclopropylcarbinol Za. Although Hortmann and Ong reported the preparation of 2a from 

3,61 there was sane ambiguity about the optical purity of Za and they did not succeeded in 

converting 2a into sirenin la. We investigated carefully on this sequence, and obtained 

several new findings which could lead to extra pure (-)-sirenin. 
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Preparation of dlastcrso- and arantiaerically pm cyclopmpylcarblool 2a 

Commercially available f-)-perillaldehyde 3 was oxidized vlth NaC102’) to qive (-)- 

perillic acid 4 as a crystalline mass in nearly quantitative yield. Hortmann used aq- 

ethanol for recrystallization of 4. We examined recrystall izatron from various solvent 

systems. Among them, n-hexane was the best choice to increase the optical purity of 4. 

Our sample shoved higher specific rotation, Ial, -104.0° (c=4.0, EtoE) than the reported 

value’), [a]D -97.7’ (EtOH). Fure 4 vds transformed to a didstereomeric mixture of 

epoxides 6a,b in 85.2% yield in almost the same manner as reported.6’ The ratio of 6a and 

6b vcs rigorously determined by HPLC ds 1:l (Llt.6) 3:2). Treatment of 6a.b with prenyl- 

maqneslum chloride in the presence of CuT8) at -3O--4O’C did not qive the epoxirIe-opening 

product but only undesired adduct 7 derived by 1,2-addition of Grignard reaqent to ester 

carbonyl. So, we abandoned the introduction of side chain to 6a.b and turned to prepare 

cyclopropane ring ear Lier. 
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Base catalyzed cyclizdtion with internal epoxlde openrnq vds carefully rnvestiqated. 

Usinq LiN(TC(S)2 as base, reaction proceeded at room temperature to give a mixture of the 

desired CyClOprOpylCdrbinOl 2r and 9a (small amount) and rearranged allylic alcohol 8 

(25%). While, treatment of 6a,b with NaH in refluxinq DWE gave various ratios of a mixture 

of 2a and 98 by chanqinq reaction period ds shown rn Table 1. 

Contrary to Hortmann’s result,b) dlastereoselect lve cyclopropanation became possible 

by controlling reaction period. The desired alcohol 2a with more than 966 purity was 

obtained 1%~ 53% yield based on the unrecovered 6a,b (45% efficiency) under optimized 

condition. Stereochemistry of the products vas determined by comparlnq the ‘H NMR data of 

2a and 9a with those of 1 and ii In Rapport’s synthesis.l) Thus, singlet methyl siqnals 

at 6 0.92 (major) and 1.10 (minor) were assiqned to endo-methyl of 2a and exo-methyl of 9a - 
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respectively. Tvice r~~~~li~at~~ 09 the corresponding 3,Et-dPnitrobsmzoate 2b f 

hexane-ethyl acetate, ether-ethyl acetate yefa gave 100% dtiaettmeo- 

mericslly pun lia in 41% r ewvery yield P 97% pure 2a. if& rotation of 7A, faln 

t88.0. tCRCI3f, was almoet TO% higher than reported,‘) [aID +6&l’ (CHCl31. The cyclo- 

propylcarblnol 2a wa erttd to the acid 11a via the sldehyde 10 by PCC-HS 3A oxlda- - 

t&Xl9) and successive to mekm an analytfcel sample. The acid lla was 

transformed into 1E)- ana (g)-l-naphthylethylamlde, ltb and llc. HPXL! analysis showed 

tbzt lla (-28 and 10) was practically 96% e.e. With optically we 2a and 10 In hand, we 

proceeded to introduce the side chain. 

Entry R6?&dZiOCb 

period (minf 

Ratio of 

2a19ab” 

Ratio of 
recovered 

6/6b 

Yield (ala 

a 165 so/10 SO/SO 46 (59) 

b 150 97/3 4Ol60 45 (53) 

c 140 96.213.8 37/63 

d 110 96.4/3.6 40160 30 (58) 

on the tinrecover capoxide 6 

Atmpt to ale-8tep auten8ias of the 8ide cztnltr 

~~n@~-~~tti~ type rsaactfon of 10 with the anfan of &ethyl (Ef-3-lacthoxyc~~yl.-2- 

butanylphosphonate 12b gave acid-sscensitiva trienc)-eater 13 in 58% yield. (Preparation of 

12b from pyruvic acid vta pure methyl (~)-4-br~o~2-methy~-~-~te~te 12a is serf in 

12a X = Br 

131 
12-b X = P(OEtl2 

1% 

Fig.3 
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detail in experimental section). Many attempts for the regioselective reduction to afford 

the dime 14 were examined including catalytic hydrogenation over Pd-C, Pd-E@SO,, Pd- 

caoD3, Pto2, Rh-N203 and (Ph3P)3RhCl and diimide reduction.") Host of them gave decom- 

posed products by reductive or prototropic cleavage of cyclopropane ring. Reduction with 

Pd-BaSO, gave better result and 14 was obtained as the major product. Reduction of crude 

14 with LINH,, however, gave the mixture composed of several products containing sirenin 

la. HPLC analysis of the corresponding bis-3,5-dinitrobenzoate lb clarified that the 

product contained at least 5 components and was difficult to be purified. Thus, our 

alternative choice was stepvise introduction of the side chain. 

Stepwi~ extension of the side chain and the synthesis of (-)-sirenln 

The Wittlg reaction of 10 with the phosphorane Aprepared from 2_hydroxyethyltri- 

phenylphosphonium bromide 15") with 2 eq. of c-DJL~ gave the desired (g)-ally1 alcohol 16 

and substantial amount of the isomer 17, because initially formed betain B could cyclize 

either way to give two oxaphosphetanes, C and D, decomposing to give 16 and 17 

respectively. In order to prevent this side reaction, OH group of 15 should be protected 

or remain intact during the formation of phosphorane. Fortunately, we succeeded in 

preparing 2-hydroxyethylidenetriphenylphosphorane P in situ from 15 using 1 eq. of n-BuLi -- 
in cold DME under salt-free condition."' Possible mechanism is: Initially formed lithium 

alkoxide B deprotonated from the carbon adjacent to phosphorus atom internally to give F 

2eq. 
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Fig.4 
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with the precipitation of LiBr out of DKE solution. Addition of aldehyde yields betafne G 

which cyclized to give single oxapbosphetane affording only 16. The Wittfg reaction of 8 

with this phosporane P gave 16 in 65% yield with small amount of Za probably yielded by 

disproportionatfon. As expected, none of the isomer 17 was detected in the products. 

Rydrogenation of 16 over PtOz was followed by FT&HS 3A oxidation93 to give the aldehyde 

19 (52%). Horner-Wittig reaction of 19 with the anion of methyl 2-diethylphosphono- 

propanoate gave the (p)-diene diester 14 in 78% yield along with easily separable minor 

fkt-isomer (10%). Reduction of 14 with LfAlH4 gave a mixture of la and its dihydro- 

derivative 20. Using DIBAL-H suppress the contamination of 20 to give almost pure la. 

Crude airenin la was converted to m-3,5_dinitrobenzoate lb and recrystallized from 

isopropyl ether-DME (5:l) to give 100% analytically pure (-)-lb, m.p. 94.5-96*C, in 71% 

recovery yield from la. Mild alkaline hydrolysis quantitatively yielded (-)-sirenin la, 

[al, -44.6' (c=l.O, CRC13), whose spectral data were completely superimposable with those 

reported.3) 

In conclusion, the synthesis of optically pure (-)-sire&n was accomplished through 

10 steps starting from f-I-perillaldehyde via diastereoselective cyclopropanation under - 
controlled reaction condition_ 

B (SJ-(-J-J-(2’-i~yl)-l_cyclduronccarborylsta [nathyl (sJ_prillatal 5. TtlQ acid 4 134.2 q, 0.21 ml) “aa 

nattwlatad With dlasocnsrtums ,n sther tc. 01~0 355 q (96@J of 5. ha S6*C/M2 Warr (I& ha Sl*C/Os28 ‘Barr)8 1#‘5 

l&ii% la184 -100’ (&97, EtW. Its IR ax3 WII qmctra ware Fdatical with tham reprtad -iax~ly.~ 



Ew ~18,68,?R1-f-~-7-for~yl-?-~~~ylbi~ycloI4.l.0~h~~-2~-3~~a~ 10. lb c punsim or pa: (3.3 * 1?&3 
mmal) anl us 3h (2 9) in cHlQ2 (40 ml) w&e a&&d drcpvrr 0 arAn of 29 (1.73 q, 892 ~01~ in o"2Ck2 f10 ml) vtth ice- 

coolin+ ~~~u~~~r~~h~~~~ after diluting vita e&Jnr snl ac%&qJ F%xisil, th ~~~ 

UU 8tArd far 15 ninud filund tk'aqhFioriul. -t.at&inncyotoqi~a~~ R.lO -- 
9). Thir wan plriflad w SiC+ c%mmmtopr*phy LM) 9. 

[E@ 

l@wcane-~ (9:1-7:3)1 to pan 0.95 9 (NR) of 10, # L.5248; 
-170. (~1.29, MuXi)t VUI (trim) 3020 (WI, 2975 In), 2670 (~1, 2750 (I), 1710 (I), 1620 (B), 1440 (~1, 1382 I*), 

1360 (u), l31S (vi, 1275 (~1, 1240 (81, llB0 (III), 1120 (a), 1103 (m), N60 Cm), 1030 (~1, loo0 (n), 975 fr), 9x) W. 910 

(a), 840 taf, 800 (w), 760 (a), 740 fm> cn-It 0 (100 MFIz, CDC13) 1.17 f3H, ~1, 1 -2.65 (&X. In>. 3.78 f3H. 51, 7.0% ClH, 
br.d, J-S.2 Hz), 8.90 tlW, 8). mxmd: C, 68.061 H. 7.20. Cafe for CI1H*,03: c, 021 H, 7.27\). 

ather (65:35)1. mra 
atbu 000 &?a wrth 

rxrrsktsd wit& %thar. ?har Ether ssnwaadrial tnpeJIt ad anorrtratd invaeu* _- Tha; raidu vu ptrifia3 by S+ 

cbmna~aphy [zoo 9.2 -baam-.ther (7:3)1 to pw crub broolb 1L. - 3005 (n), 2960 (In), 1715 w. 1640 w, 1440 

(m), 1390 (n), 1350 (II), 1270 (a), 1195 (e), 1160 (~1, 1100 (I), 1080 (a), 1010 cm), 940 (ml, 900 (~1, 810 (n), 750 (0 

cm -l, 6 (60 NH+, El41 1.91 (3H, d, J-2.0 Hz), 3.71 OH, B), 3.97 (ZH, d, J-S.0 He), 6.88 (lli, qt. aP2.0 Wr and 8.b SIX). 
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*ium trun~dc 15 (75 q, 19.4 mmol) In DHE (50 ml) was dW4 Qswiu yh2L.1 111 fi-hnxun (16 W, 9.5 ml. 15.2 nmsl) at 

-1o.c WKkx AK. ‘Ih mixtun “U ItArred at -1o.c for a min aN.l left to BtAxl lor 30 0A.n to crripltata lnocpuilc aolt. 

I” anothu tlJ#k, d e&l of 10 ul35 mq, Ma rmmol1 ln Imu (10 ml) VW mow v) -1o.c u&r A?. n, w* “as &wl tha 

at-tar& of Yxttiq rawpR a8 sbcm tea, Xl 831) SnJ tin ruCeiol tro WU. qr&aeUY dnd to rob trp lh rwct.iaY 

was cpiuxh3 wfth eater, id the nixax wu atraced with atha. ltm 0th~ soin w ruk& with tcirw+ driul f-4) irl 

unmtratad In v&ax& * rr& “aa ptrlf lad by s’c3J ctrmutojra#ly [50 q, 5 -Maxm-KU3k 

(65W of 16, I$ 15463; Ial~ -123. ~136, -1; WI 34W t#), 

(3:1-2:3)1 bo qrve ‘XU.4 a.3 

3Ou3 (VI, 19s (IJ, 2Sw (r), 1710 (a), 1660 (w), 1640 

(a), 1440 la), 1385 (w), 1275 (a), 1240 (a), 1120 (w), 1090 Cm), 1050 (m), 1020 tw), 990 (I), 970 (I), 905 (I#), 935 (w), 

745 (n) cm-‘t b (100 me, axa31 LO5 (3H, l l. Is-2s K4& m), 3.75 (3H. ml, u3 (nL Ix& J-5.0 I& Dp uohsnpurbl*, 

d, J-6.0 Hz). 5.37 flil, d, J.16.0 Hz). 5.60 IltI, dt. J-17.0 Hz and 6.0 Hz), 7.16 (lH, dd, J-5.0 Hz and 2.0 Hz). HRNS “/I 

~:222.12%. Cdlc far C$3HlS!2y 22212%. 

133 MOI) rn Rozr (3 -mu AJ the mrxturm “I; 6tirrmd at 5-10.C for I h Afur thc c&In “aa filtuod off, t& 

fllt.rSte “dll cmantrstsd in “a- to qlve 7yU mq (=I of 18, 14~~ l.W72s lal&4 +18J* -- (cL0L NeC4i)r wax 3450 (ml, 

2950 W, 29a) In), 1710 (01, 1640 (ml, 1440 (ml, 1380 (~1, 1270 Is), 1240 W, 1210 (w), 1090 (~1, 1060 (n). 980 (~1. 910 

(~1, 840 tw), 800 (v>. 7Y) (w) em-l, & (100 NW, CZCl3) (*90 tnt 8). a93-2M fIlli. ml, 3.64 Gli, f, J’&3 Hz), 3.73 tuc, 

s). 7.23 IlH, dm,. J-6.0 Wzcrf. MWS “14 ?cu&: 22413W. 51~ for C13H&: 22U413. 

m ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 19. In ur UrnllU - as des- 

crlbd for the &xe$nratrw~ of 10, al&l 111 (503 mq, 2.25 anal) ~a# uidrtsd with WJZ ln oC2C12 to plvs 2643 mq (52b) of 

19, nsu 1.5061s loI&55 +41.1’ (cLl2. NmCWr ylux 3025 W. 2950 cm), 2750 (m), 1720 (a), 1640 Ia), 14W (~1, 1410 (a), 

1390 frnf, 12x) (Pk. 1240 w 1210 (u). 1190 (w), 1130 (WI* 1100 w. 1Osl f.), 910 (8). &y) ir). &xl (w). 750 w cm-li 6 

(100 IHZ, CDcl3) 0.83 (3tl, 8). 1.00-2.67 tlOH, 91, 3.74 (3H. 8). 7.20 (1H. br.d, J-3.0 Hz), 9.80 (llf, t, J-l.8 Hz). IFound: 

C. 69.76~ X, 8.16. Caic for C13H1803: C, 70.24~ Ii, 8.16%). 

Fe- (18&S. 7R,3’El-~*~-7-~4’-cthoxycarb0nyl-3’-pntrrlato 14. kau&nq 

to tha reported ptu&re,4d aldell@e 19 (213 mp, 0.96 mm011 wan -l-tad to ti d.$an@re 14 &lxl the cwrcspndur? c3p- 

Oute w=bXt wd‘ FWtflad twla by S&C’2 chronratcqr.+y 110 q, ntrxw-EtMc (19:1-17:3)1 to q,vc 2275 I”J 17SW 

:=azxi 3~7 ng (II*) of a. cur-r~s~sq (3*~>-~9omcr. 14: $5 ~SO& ~66 ‘45.5. (~1.03, NOW. It.6 III ard NMR 

spctra were tdcnticsl with those reported prcwxsly.4d (Pound: C, 70.188 H, 8.35. Caic for ClSH2,04: C, 70.561 H, 

8.5511. 

(-)-Slrmln la (37 og, 0.17 mmol) was aonvartad to the m+wnq brs-3,3dtnluW LelbiIl~uolvlNUWX. 

mls was writsed by 51% ctua~+togragay 16.5 q. n-hurw-?XCW (97:3-17:311 follcnad b, rccryatdlluttw fm &Isopngy~ 

ether-OWL to qxve 69 mq 1?1\1 of lb, m.fi 9&!+96’ct 46 - 19.5. fr1.00. CWIl3fl vmu MB) 3140 (ar). 2950 frnl, 1730 w, 

1640 fm). 1550 fsf, 146&l In), 1350 (sf, 1290 (61, 1170 (a), loB0 (mf, 9x) W, 920 (ml, 880 (vf. 860 fwl, 830 (wt. 780 twf, 

740 IS), 730 (11 cm-1 I 0 ilO0 NHz, COCl3) 0.94 OH. 51, 0.98-2.36 (lOH, ml, 1.79 (3H, 51, 4.85 (4H. bra), 5.13 IlH, bra,, 

J-7.0 HZ), 608 (lH, brd, J-4.0 Hz). 9.17 We& m). HPIC In-haan*-TW (1O:l). 1.0 ml/mini Rt 17.0 mu, (1001). IRund: C, 

55.70; H, 4.62; N, 8.83. Calc for C29H280,2N4: C, 55.771 ii, 4.521 W, 8.97t). 

‘Ib 0 soln of bz-3.5-dlnr W&cnrcdtc lb (68 m9, 0.11 mml) In ?W (7 ml1 and water (2 ml) was addal N m II ml) wth 

rcw-axJl u-q. 3~ mlxfure *(Is purred for 3 h wtth ice-axA;rq, pwsd tntn sat HH33) so111 md ae_nctd thrr trnea vlth 

ether. me ether -in ~848 ~a02 'Ilth hlite. drfsl rfa,s~,) d mna?~ati in y(IM mt rutdim was ptrifld by 

alursu3a duomatcqr.sphy IWarlm ixutral slum~na, cuitainnq 25s rdi_er~ 

ml)1 to ql”e 213 mq (98W of la, na4 1.52101 Ial&4 - 

5 9, Qc13 fM ml) followaf LTy CX13-Na Wkl, 50 

44.6. k-LO7, CX13)s YMX 3325 (a), m0 (ml, 2925 tsf. 2850 is), 

1660 (~1, 1450 lm), 1382 (ml, 1350 (ml, 1215 (m), 1160 In), 11x) In), 1060 Im), lCXX3 (P), 905 (~1, 865 im), 825 (ml cm-‘. 

b (400 NH?., CDc13) 0.88 (3H, a), 0.93 IIH, ddd, J-2.5, 7.0, 8.0 HZ), 1.03 IlH, dd, J-5.0, 8.0 Hz), 1.17-1.28 (lli, ml, 1.32- 

1.44 (2H, rn), 1.46 (2H. br.s), 1.67 (3H. s), 1.69-1.92 (2H. m), 2.00-2.07 IlH, ml, 2.12 (2t1, df, J-8.0, 16.0 Hz), 4.01 (IH, 

d. J-8.0 Hz), 5.40 (1H. tq, J-6.0. 1.8 Hz), 5.84 IlH, d, J=5.0 Hz). 13C NWR (25 NHz, COC13) 6 12.68, 13.58, 17.50, 21.66, 

21.89, 23.44, 25.14, 28.88, 42.51, 67.55. 68.99, 121.43, 126.33, 134.42, 137.17. HRNS ?!I% Pound: 236.1748. Calc for 

C15H2402: 236.1777. War& C, 75.83; H. 1Om. C&c for C15HZ402: C. 76.22~ H, 10,24tf. 
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